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POTENTIOMETER DEGRADATION
EVALUATING METHOD

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority to Japanese Patent Appli-
cation No. 2012-048483, filed on Mar. 5, 2012, the entire
content of which being hereby incorporated herein by refer-
ence.

FIELD OF TECHNOLOGY

The present invention relates to a potentiometer degrada-
tion evaluating method for performing staged evaluations of
degradation of potentiometer performance.

BACKGROUND ART

Conventionally, potentiometers have been used in detect-
ing rotational angles of electric valve actuators, and the like.
Given the structure of the potentiometer, there is a tendency
for the resistor to become damaged through wear by the
slider, producing dust, where this is particularly severe in any
sliding range that is used frequently. The result is that the
slider becomes slightly dislocated, producing a phenomenon
wherein a large change in the resistance value may occur
suddenly. As a result, a large change in the potentiometer
output signal may also occur suddenly, appearing as a spike
signal S such as shown in FIG. 11. Note that in FIG. 11, the
horizontal axis is the potentiometer dislocation (the slider
dislocation) or angle, and the vertical axis is the magnitude of
the output signal of the potentiometer.

When this type of spike signal appears in the output signal
of'the potentiometer, then there may be a sudden malfunction
in the control operation of a control device that is operating
based on the provision of this output signal. Given this, for
example, in Japanese Examined Patent Application Publica-
tion H7-95081, the spike signal that appears in the output
signal of the potentiometer is detected, and if the spike signal
is greater than a specific upper limit value or less than a lower
limit value, or if the rate of change of the spike signal is
greater than a specific value, then this is evaluated as a failure.
When the potentiometer is diagnosed with a failure, that the
control devices, and the like, that operate based on the provi-
sion of the output signal thereof switch immediately to per-
form predetermined signal-failure control.

However, because the spike signals (noise), described
above, are produced in an early stage of the changes in the
potentiometer over time, the occurrence of this noise is not a
problem, and thus there is a problem in that it is evaluated as
a failure despite the ability to continue use thereafter. That is,
in Japanese FExamined Patent Application Publication
H7-95081, only the single phenomenon of noise having
occurred is captured, and evaluated as a failure in a stage that
is too early, and thus there is a problem in that this reduces
system uptime and causes expenses in terms of time and cost
in replacing components.

The present invention is to solve such a problem, and an
aspect of the present invention is to provide a potentiometer
degradation evaluating method wherein it is possible to know,
in a staged manner, the progress of the degradation in the
performance of the potentiometer.

SUMMARY

The present invention, in order to achieve the above-dis-
cussed aspect, determines a plurality of evaluation items
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2

ranging from minor to major to be used as evaluation items for
the degradation of performance prior to arriving at a potenti-
ometer failure, and evaluates in a staged manner, following a
specific sequence, the degradation of the performance in this
plurality of evaluation items.

For example, in the present invention, a production of noise
is evaluated as an evaluation item for the degradation in the
performance of the potentiometer, where if that is acceptable,
then the loss of linearity between the input and the output
(hereinafter termed simply “linearity”) is evaluated, and if
that is acceptable, then the change in the resistance value is
evaluated, where if that is acceptable, then the increase in
rotational torque is evaluated.

As aresult, it is possible to know, in a staged manner, the
state of progress of the degradation of performance of the
potentiometer. That is, it is possible to know the current stage
of'degradation of performance, whether it is the stage wherein
noise is produced, the stage wherein there is loss of linearity,
the stage wherein the resistance value changes, or the stage
wherein the rotational torque increases.

The present invention determines, as evaluation items for
the degradation of performance before arriving at a potenti-
ometer failure, a plurality of evaluation items from minor to
major, and evaluates, in a staged manner, the degradation of
performance of the plurality of evaluation items in a specific
sequence, thus making it possible to know, in a staged man-
ner, the state of progress of degradation of the performance of
the potentiometer, thus making it possible to avoid a diagno-
sis of a failure into early a stage, thereby improving the
system uptime, and enabling parts to be replaced with the
appropriate timing depending on the state of use.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1is ablock diagram illustrating the critical portions of
a system that includes a potentiometer degradation evaluating
device used in an example of the present invention.

FIG. 2 is a flowchart for explaining the functions of the
potentiometer degradation evaluating device in this system.

FIG. 3 is a flowchart that is a continuation of FIG. 2.

FIG. 4 is a diagram for explaining the definition of the
resistance values between the electrodes of the potentiometer.

FIG. 5 is a diagram for explaining the measurement of the
total resistance value R, .

FIG. 6 is a diagram for explaining a voltage V1 used when
measuring the contact resistance value r and the inter-termi-
nal resistance values R, ~and Ry ...

FIG. 7 is a diagram for explaining a voltage V2 used when
measuring the contact resistance value r and the inter-termi-
nal resistance values R, ~and R .

FIG. 8 is a diagram for explaining the expected value R’
calculated as a value through linear interpolation.

FIG. 9 is a diagram illustrating resistance value change
speed and acceleration, calculated through the difference
method.

FIG. 10 is a diagram illustrating the dwp,0/dt and dwp,dt in
a transient state.

FIG. 11 is a diagram illustrating a spike signal that appears
in the output signal of the potentiometer.

DETAILED DESCRIPTION

A form of example according to the present invention will
be explained below in detail, based on the drawings.

FIG.1is ablock diagram illustrating the critical portions of
a system that includes a potentiometer degradation evaluating
device used in an example of the present invention. In this
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figure, 1 is a potentiometer, 1-1 is a slider, 2 is a degradation
evaluating device for a potentiometer (hereinafter the “poten-
tiometer degradation evaluating device™), and 3 is an evalu-
ation result displaying device.

In the system, the output signal of the potentiometer 1, read
out by slider 1-1, is sent to the potentiometer degradation
evaluating device 2. Note that in FIGS. 1, A and B are fixed
electrodes of the potentiometer 1, C is a movable electrode of
the potentiometer 1, 1-2 is a resistor of the potentiometer 1,
and 1-3 is a contact resistance between the movable electrode
C and the resistor 1-2.

This potentiometer 1 is installed with a device that causes
the angular velocity of the rotating system as a whole to have
a constant velocity in the steady state, in cooperation with the
frequency of the power supply. For example, it may be
assembled into an electric valve actuator, to detect the open-
ing of the valve unit driven by a motor.

Moreover, in this system, the potentiometer degradation
evaluating device 2 is built from hardware having a processor
and a storage device, and a program that produces various
types of functions in cooperation with this hardware.

It is known that the potentiometer performance degrades in
the steps of a production of noise, a loss of linearity (the
linearity between the input and the output), a change in resis-
tance value, and an increase in the rotational torque. In the
present form of example, the focus is on this sequence with
which performance degrades, and the evaluation of the deg-
radation of performance in the potentiometer 1 is performed
through evaluating, sequentially, the production of noise, loss
of linearity, change in resistance value, and increase in rota-
tional torque.

That is, as the evaluation items for the degradation of
performance before arriving at a failure in the potentiometer
1, the “production of noise,” the “loss of linearity,” the
“change in resistance value,” and the “increase in rotational
torque” are established as evaluation items, and evaluations
are performed in a staged manner in the sequence of the
“production of noise,” the “loss of linearity,” the “change in
resistance value,” and the “increase in rotational torque.” This
evaluation is performed without removing the potentiometer
1 from the device, that is, with the potentiometer 1 still
assembled into in the device.

The features of the example of the potentiometer degrada-
tion evaluating device 2 will be explained below in reference
to a flowchart that is split into FIG. 2 and FIG. 3.

Evaluation of the Production of Noise

The potentiometer degradation evaluating device 2 evalu-
ates the production of noise in the potentiometer 1 (Step
S101: FIG. 2).

The evaluation of the production of noise is performed
through detecting spike signals that are included in the output
signals from the potentiometer 1, read out from slider 1-1. If
the spike signal is larger than a specific upper limit value or
smaller than a lower limit value, or if the rate of change of the
spike signal is greater than a specific value, the evaluation is
that noise has been produced.

If'the evaluation is that noise is produced (Step S102: YES),
then the potentiometer degradation evaluating device 2 sends
this evaluation result to the degradation evaluation result dis-
playing device 3, which displays that the current stage of
degradation of the potentiometer 1 is the noise producing
stage (Stage 1 (the initial stage)) (Step S103).

Evaluation of Loss of Linearity
Following this, the potentiometer degradation evaluating

device 2 evaluates the loss of linearity (Step S104: FIG. 3).
The evaluation of the loss of linearity is performed as follows.

10

15

20

25

30

35

40

45

50

55

60

65

4

Along with measuring the output resistance value R of the
potentiometer 1 in the operating state, the expected value R' at
that time is calculated by the following equation:

M

Note that in Equation (1), Ro,max and Ro,min are the
maximum value and minimum value for the output resistance
values for the range of movement of the potentiometer 1, t is
the operating time since passing a guarantee point that is
established in advance (and varies depending on the operating
direction), tmax is the operating time from the maximum
value Ro,max to the minimum value Ro,min, and our Ro,x %
is the output resistance value at the guarantee point, where
Ro,max and Ro,min are measured initially.

The expected values R, calculate through Equation (1) are
linear interpolations that are expected values for the output
resistance values at the equal intervals. The way to measure
the guarantee points and the output resistance values R will be
explained below.

Given this, the potentiometer degradation evaluating
device 2 calculates |-R'l from the measured output resistance
value R and the expected value R' at that time, and compares
it to a threshold value ARth that is set in advance, and if
IR-R'I>ARth, evaluates that linearity has been lost. That is, it
evaluates that linearity has broken down.

Ifthe potentiometer degradation evaluating device 2 evalu-
ates that linearity has been lost (Step S105: YES), the evalu-
ation result is sent to the degradation evaluation result dis-
playing device 3, to display that the current potentiometer 1
degradation stage is the loss of linearity stage (Stage 2) (Step
S106).

R'=[(Ro,max—Ro,min)/tmax]-t+Ro,x%

Evaluation of Change in Resistance Value

Following this, the potentiometer degradation evaluating
device 2 evaluates the change in the resistance value (Step
S107). In this evaluation of the change in the resistance value,
the total resistance value R , 5 of the potentiometer 1 is mea-
sured at regular times, and if it exceeds a given threshold
value, evaluates that there is degradation. The measurement
of the total resistance value R ,  of the potentiometer 1 will
be described below.

If the evaluation is that the resistance has changed (Step
S108: YES), then the potentiometer degradation evaluating
device 2 sends this evaluation result to the degradation evalu-
ation result displaying device 3, which displays that the cur-
rent stage of degradation of the potentiometer 1 is the resis-
tance change stage (Stage 3) (Step S109).

Evaluation of Increase in the Rotational Torque

Following this, the potentiometer degradation evaluating
device 2 evaluates the increase in the rotational torque (Step
S110). The evaluation of the increase in the rotational torque
is performed as follows.

The load torque Tp when the potentiometer 1 is in the
operating state is measured, and the measured load torque Tp
is compared to a threshold value Tpth that is set in advance,
and if Tp>Tpth, then the evaluation is that the rotational
torque has increased.

The load torque Tp when the potentiometer 1 is in the
operating state can be calculated by the following equation:

Ip=Ip-(dwp,o/dt-dwp/dt) 2)

Note that in this Equation (2), dwp,o/dt is the angular
acceleration in the transient state when the motor is driven,
with the potentiometer 1 removed from the device, dwp/dt is
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the angular acceleration in the transient state when the motor
is driven when the potentiometer 1 is assembled into the
device, and Ip is the inertia of the potentiometer 1, where
dwp,o0/dt is measured initially. dop/dt is calculated from the
output resistance value R. Moreover, Ip is obtained from the
manufacturer (a constant value). The initial measurement for
dwp,o/dt and the conversion of dwp/dt from the output resis-
tance value R will be described below.

If the evaluation is that the rotational torque has increased
(Step S111: YES), then the potentiometer degradation evalu-
ating device 2 sends this evaluation result to the degradation
evaluation result displaying device 3, which displays that the
current stage of degradation of the potentiometer 1 is the
rotational torque degrading stage (Stage 4) (Step S112).

In this way, in the present form of example, the degradation
of performance in the potentiometer 1 allows the state of
progress of degradation to be known in terms of stages. This
makes it possible to eliminate an evaluation in too early a
stage that there is a failure, to thereby improve the system
uptime, and to perform part replacement with the appropriate
timing depending on the state of use.

Method for Measuring the Resistance Values

The method for measuring the resistance values used in the
various degradation evaluations is given below. As illustrated
in FIG. 4, the resistance value between the fixed terminals A
and C of the potentiometer 1 is defined as R ,_., the resistance
value between the B and C is defined as Ry _, and the resis-
tance value between A and B is defined as R,  (the total
resistance value). Moreover, the resistance value (the contact
resistance value) of the contact resistance 1-3 between the
movable electrode C and the resistor 1-2 is defined as r.

(1) Measuring the Total Resistance Value R ,

As illustrated in FIG. 5, a constant current i is applied
between the terminals A and B, and the voltage V at that time
is measured. The resistance value R, 5 is calculated from
Ohm’s law by the following equation:

Ryp=Vii 3

(2) Measuring the Contact Resistance Value r

As illustrated in FIG. 6, a constant current i is applied
between the terminals A and C, and the voltage V1 at that time
is measured. Next, as illustrated in FIG. 7, a constant current
iis applied between the terminals C and B, and the voltage V2
at that time is measured. These values can be written as the
following equations:

VI=(Ryctr)i Q)

V2=(Rp.c+7)i ®

Consequently, the contact resistance value r can be calcu-
lated as follows:

r={[(V1+V2)/iJ+R 4 5}2 (6)

(3) Measuring the Inter-Terminal Resistance Values R,
and R; ~

The inter-terminal resistance values R, ~and R ~ can be
calculated as follows:

Ry =Vl/i-r )

Ry =V2/i-r (8)

Detail of the Evaluation of Loss of Linearity
The maximum value Ro,max and the minimum value

Ro,min of the output resistance values in the range of move-
ment of the potentiometer 1 are measured in advance.
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Following this, the expected resistance value is calculated
for each specific opening interval (for example, for openings
in an electric valve actuator, these are points such as 20, 40,
60, and 80%, where these intervals are set so that a number of
points will be passed at the time of the evaluation).

The calculation performs linear interpolation of the maxi-
mum and minimum output resistance values, defining these
values as Ro,,,%, Ro,,,%, and so forth. A module able to
guarantee the accuracy of the absolute positioning at the
aforementioned constant openings is installed separately in
the equipment (for example, wherein a disk having a radial
slitis secured completely to the object for which the rotational
angle is to be measured, where the passage of light is con-
firmed through a photocoupler), where each of these indi-
vidual points are defined as guarantee points.

The evaluation begins when one of these guarantee points
has been passed, where, in the operating state, the output
resistance value R is measured and, at that time, the expected
value R' is calculated by Equation (1), above (referencing
FIG. 8).

Given this, IR-R'l is calculated from the measured output
resistance value R and the expected value R' at that time, and
compared to a threshold value ARth that is set in advance, and
if IR-R'I>ARth, the evaluation is that linearity has been lost.
Note that the output resistance value R is calculated through
the “(2) Measurement of the Contact Resistance Value r”” and
A(3) Measurement of the Inter-terminal Resistances R, ~and

RB—C)'

Details of the Evaluation of the Change in
Resistance Values

Thetotal resistance value R, 5 is measured regularly, and if
it exceeds a given threshold value, then the evaluation is that
there has been degradation. The method for measuring the
total resistance value R , ; is as per “(1) Measuring the Total
Resistance Value R , z”

Detail of Evaluation of the Increase in the Rotational
Torque

The potentiometer 1 is first removed from the device, the
motor is driven, and, in a transient state, the angular accelera-
tion dwo/dt is measured by a rotation meter, or the like. When
the gear ratio is defined as 1, the angular acceleration of the
potentiometer axis conversion will be:

dop, o/dt=(1/i)y dwo/dt ©)

The potentiometer 1 is assembled into the device. The
angular acceleration dwa/dt of the potentiometer 1 in a tran-
sient state after assembly into the device is calculated as
described below. If, for example, there are changes of 21, 22,
and 24 ohms at small time intervals 0.1 s from the time at
which a potentiometer with a total resistance of 1 k€2 was at a
rotational angle of 320°, then, as shown in FIG. 9, the speed
of'change ofthe resistance value, and the acceleration thereof,
can be calculated using the difterence method. As a result, the
angular acceleration in the potentiometer at this time would
be:

doaldi=50x(320xm/180)/10000=2.79¢-003 [rad/s]

Here the angular motion equation when there is no load
torque on the potentiometer 1 is:

Ip(dop,o/dt)=T (10)

where T is the torque with which the potentiometer 1 is
driven, and Ip is the inertia of the potentiometer alone (a
constant value, obtained from the manufacturer).
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On the other hand, the angular motion equation when there
is a load on the potentiometer 1 is:

Ip-(dwa/dt)=T-Tp (11

The load torque Tp of the potentiometer 1 can be calculated
from Equations (10) and (11) as follows:

Tp=Ip-(dop,o/di-dop/dp) 12

Because here, in the transient state, dop,o/dt>dwo/dt, dwp,
0/dt=0, dwo/dt=0, as in FIG. 10, it is possible to calculate Tp
in a device wherein the angular velocity of the rotational
system as a whole would be a constant velocity in a steady-
state, interlocked with the power supply frequency.

These values for Tp are measured and calculated at various
times, and if they exceed the threshold value Tpth, then the
evaluation is that there has been an increase in the rotational
torque.

Extended Forms of Example

While the present invention has been explained above in
reference to the form of example, the present invention is not
limited to the above-discussed form of example. The struc-
tures and details in the present invention may be varied in a
variety of ways, as can be understood by one skilled in the art,
within the scope of technology in the present invention.

The invention claimed is:

1. A method for evaluating degradation of a potentiometer
in stages using an potentiometer degradation evaluating
device, wherein the potentiometer is linked to a motor, the
method comprising:

providing the potentiometer degradation evaluating device

that performs a plurality of evaluation items as evalua-
tion items for degradation in performance prior to failure
of'a potentiometer; and

evaluating, by the potentiometer degradation evaluating

device, the degradation of performance of each of the
plurality of evaluation items, in terms of stages, in a
specific sequence from the evaluation item on a minor
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tion, the plurality of evaluation items including at least
an evaluation of an increase in a rotational torque of a
potentiometer axis,
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wherein the evaluating step includes the step of further
evaluating whether a load torque of the potentiometer
alone is increased over a threshold value when the load
torque is a factor of an angular acceleration of the motor.

2. The method for evaluating degradation of a potentiom-
eter as set forth in claim 1, wherein

aproduction of noise is evaluated as the evaluation item for
the degradation of performance of the potentiometer,
and when the production of noise is recognized, a loss of
linearity between an input and an output is evaluated,
when the loss of linearity is recognized, a change in a
resistance value is evaluated, and when the change in the
resistance value is recognized, the increase in the rota-
tional torque of the potentiometer axis is evaluated.

3. The method for evaluating degradation of a potentiom-

eter as set forth in claim 1, wherein

aproduction of noise is evaluated as the evaluation item for
the degradation of performance of the potentiometer,
and when the production of noise is recognized, a loss of
linearity between an input and an output is evaluated.

4. The method for evaluating degradation of a potentiom-
eter as set forth in claim 1, wherein

a loss of linearity between an input and an output is evalu-
ated as the evaluation item for the degradation of perfor-
mance of the potentiometer, and when the loss of linear-
ity is recognized, a change in a resistance value is
evaluated.

5. The method for evaluating degradation of a potentiom-

eter as set forth in claim 1, wherein:

a change in a resistance value is evaluated as the evaluation
item for the degradation of performance of the potenti-
ometer, and when the change in the resistance value is
recognized, the rotational torque of the potentiometer
axis is evaluated.

6. The method for evaluating degradation of a potentiom-
eter as set forth in claim 1, wherein the load torque is calcu-
lated by multiplying an inertia of the potentiometer by a
difference between the angular acceleration in the transient
state when the motor is driven while the potentiometer
removed from a device having the motor, and the angular
acceleration in the transient state when the motor is driven
while the potentiometer is assembled into the device.
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